The principal focus of the present work concerns the critical behaviors of a class of three dimensional black holes with a scalar field hair. Since the cosmological constant is viewed as a thermodynamic pressure and its conjugate quantity as a volume, we examine such properties in terms of two parameters B and a. The latters are related to the scalar field and the angular momentum respectively. In particular, we give the equation of state predicting a critical universal number depending on the (B, a) moduli space. In the vanishing limit of the B parameter, we recover the usual perfect gas behavior appearing in the case of the non rotating BTZ black hole. We point out that in a generic region of the (B, a) moduli space, the model behaves like a Van der Waals system.
Thermodynamic behaviors of black holes in various dimensions have received a particular interest through recent important works [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The equation of state for certain black holes has been established using an analysis that involves some characteristics similar to the Van der Waals P-V diagram [1, 12] .
The P-V criticality of four dimensional RN-AdS black holes with spherical configurations have been extensively studied. In particular, it has been shown a remarkable interplay between the behaviors of the RN-AdS black hole systems and the Van der Waals fluids. The P-V criticality, the Gibbs free energy, the first order phase transition and the behavior near the critical points can be associated with the statistical liquid-gas systems. On the basis of [1] , we have studied the critical behaviors of charged RN-AdS black holes in arbitrary dimensions of the spacetime [6] . In fact, we have presented a comparative study in terms of the dimension and the displacement of the critical points. We have realized that these parameters can be explored to control the transition between the small and the large black holes. More precisely, we have revealed that such behaviors vary in terms of the dimension of the spacetime in which the black hole belongs. A particular emphasis has been put on the three dimensional case corresponding to the BTZ black hole whose critical behaviors are associated with the ideal gas ones. More recently, a novel exact rotating black hole solution in (2 + 1)-dimensional gravity with a non-minimally coupled scalar field has been proposed in [16, 17] using an appropriate metric ansatz.
The present work concerns the critical behaviors of a class of three dimensional black holes with a scalar field hair. Since the cosmological constant is viewed as a thermodynamic pressure and its conjugate quantity as a volume, we examine such properties in terms of two parameters B and a. These parameters correspond to the scalar field and the angular momentum respectively. Among our results, we derive the equation of state which predicts a critical universal number depending on the (B, a) moduli space. If the B parameter is set equal to zero, we recover the usual perfect gas behavior appearing in the case of the non rotating BTZ black hole. We point out that in a generic region of the (B, a) moduli space, the model behaves like a Van der Waals system. To start, we consider the following action
where F = dA is the field strength of the A gauge field and where V(φ) is a scalar potential. In this action, ξ describes the coupling between the gravity and the scalar field. Following [16, 17] , the static and circularly symmetric solution can be obtained from the following metric
where the space-time variables are −∞ < t < ∞, r 0 and −π ψ π. In this context, the metric reads as
where Λ has been chosen to be − 1 ℓ 2 due to the fact that in 3D the black hole horizon can exist only for a negative cosmological constant. The parameter B corresponds to the scalar field through φ(r) = ± 8B r+B . It is worth noting that the parameter β is related to the black hole mass M and its charge Q as follows
Before discussing the corresponding thermodynamical quantities, we should define the Euclidean section (t → iτ) of the solution and identify the period β of the imaginary time with the inverse of temperature [18] . In fact, performing the formula for the period, β = 4π f ′ (r + ) , we get the Hawking temperature. It is given by
A similar computation gives the following entropy function
To derive the equation of state, we identify the cosmological constant with the pressure by the relation
The calculation shows that the pressure function reads as
. (8) This equation is plotted on figure 1. It is observed from figure 1 that the corresponding black hole does not have any critical behavior. It looks like an ideal gas. This situation appears also in the case of BTZ black hole showing a good agreement with the result obtained in [6] . We expect that this feature should be true for all no rotating 3D-black holes. More general behaviors can be obtained by implementing new physical parameters.
In what follow, we consider the 3D-dimensional gravity with a non-minimally coupled scalar field. In the absence of the Maxwell gauge field, the model can be described by the action
Fixing the coupling constant ξ = 1 and taking the gravitational constant like κ = 8πG = 1, the rotating black solution can be written as
where the functions f and w are given respectively by
with β = − 
It is important to note that in the vanishing limit of the B parameter, the equation of state reduces to an equation describing the ideal gas. From (15), we get for the vanishing limit of parameters,
To transform the equation of state from the geometric form (15) 
It follows also that the equation of state can be rewritten as
In fact, the discussion on the critical behavior depends on the (B, a) moduli space. At the origin of this moduli space, the system describes a perfect gas system. For generic regions of the moduli space, the corresponding behaviors are shown in figure 2. It has been observed that for T > T c , the behavior looks like an extended Van der Waals gas. The system exhibits an inflection point. The corresponding critical point ensures a solution of the following conditions
The calculation gives the coordinates of the critical point given by 
From these equations we can see that the existence of the critical point is controlled by the two parameters a and B. The discussion should be made in terms of these two parameters. In this way, the (B, a) moduli space together with the displacement of the critical point could be used to control the transition between the small and the large black holes. The corresponding general study could be reported elsewhere. The critical behavior produces the following universal number
It is interesting to give some comments concerning this expression. First, it depends only on the parameter B. More precisely, it depends on the value of the scalar field. Second, for the vanishing limit of the B parameter, it can be reduced to the usual equation χ = 1 describing an ideal gas.
To conclude, we have investigated the thermodynamical behaviors of a class of 3D-black holes with a scalar hair, in the presence of the cosmological constant considered as a thermodynamic pressure and its conjugate quantity as a volume. We have shown that the corresponding equation of state predicts a critical universal number depending on the (B, a) moduli space. In the absence of the B parameter, the usual perfect gas behavior appearing in the case of non rotating BTZ black hole has been obtained. We have remarkably pointed out a good agreement of our analysis with the results given in [16] .
It is worth noting that this study comes up with many open questions. In fact, the calculation has been made only for some thermodynamical quantities. To give a complete picture, others quantities should be implemented, including free energy, partition function an so on. Moreover, throughout this work, the scalar potential form has not been specified. This is an important issue that deserves a special investigation. We hope to replay to these questions in a forthcoming work.
